Needless to say, an LED (light-emitting diode) is a semiconductor light source and LEDs are used as indicators and display elements in various devices. During the past few decades, the light intensities of LEDs have increased a great deal; therefore, white LEDs in particular are increasingly used for lighting.
Introduction
In 1980, when the author was working for the College of Education of Kagawa University, he started the development of various teaching apparatuses using LEDs to allow junior high school students to understand such technologies as optical communication and microwave transmission. [1] In those days, the brightness of LEDs was as low as 10 mcd (milli-candela). Around 1982, a highbrightness red LED with an intensity of more than 1cd was developed by the Stanley Co. in Japan. [2] The author The manufacturing technology of LEDs made great progress during the 1980's, after the development of the 1cd red LED. In 1993, a high-brightness blue LED was developed by the Nichia Chemical Co. in Japan. [3] Further, Nichia Co. produced a bluish-green LED, a green LED and a white LED, one after another between 1994 and 1997. [4, 5] The author's research on the applications of LED was luckily synchronized with such rapid progress of LED technology, and hence he has so far developed various original LED applications. [6] [7] [8] It is his LED research philosophy that the life of every living thing, from microbe to human beings, depends on light. Figure 1 shows a free space optical communication system using a bird-watching telescope or a reflex camera with a telescope lens and a 3cd red LED.
Free-space Optical Communications
In 1989, the author succeeded in free-space optical communication over distances up to 5 km in analog mode using the system shown in Fig. 1 .
LED/LED Two-way Optical Communication
In 1989, the author found that a high-brightness red LED (AlGaAs, 3cd, diameter: 5 mm, wavelength: 660 nm) showed a very large photovoltaic effect as illustrated in 
LED Solar Cell
As is obvious from Fig. 2 , the LED which shows a large photovoltaic effect in sunlight can be used as a solar cell.
Noticing this fact, in 1990, the author designed LED solar cells consisting of multiple high-brightness red LEDs. [14] [15] [16] Figure 4 shows a 7W "reversible" solar cell using 3,060 7cd red LEDs. [17] 
Plant Culture using LED Light Source
During the development of the LED solar cells, the author happened to know that the peak emission wavelength of AlGaAs red LEDs was in the vicinity of the light absorption peaks of the chlorophyll in plant leaves (see Fig. 5 ). [18] Subsequently, in 1992, the author started spinach culture using surplus LED solar cells. [19] However, the result of the trials were not satisfactory, because the spinach grown was morphologically unhealthy. This was considered to be due to the lack of blue light, which is another absorption peak of the chlorophyll. At the end of 1993, the author learned that a highbrightness blue LED had been developed by the Nichia Corporation in Japan. [3] When the author found that the peak light emission of Using these light irradiation apparatuses, the author investigated the suppression effect of LED light on blue mold growing on bread, and found that the effect was observed only with blue LED lights as shown in Fig. 9 . He also confirmed that blue LED light inhibited blue mold growth on citrus fruits, SUDACHI, and also preserved the freshness of green peels of unripe citrus fruits. [27, 28] Figure 10 is the anti-mold food preserver, which was invented by the author in 1997, equipped with four blue LED light panels on the interior walls.
Recently these discoveries have been applied to some commercial refrigerators, which come equipped with a blue LED light source.
Medical Applications 1-Phototherapy
Jaundice, i.e., the unsound yellowing of the skin, is caused by the accumulation of bilirubin in the blood. On the other hand, the lower light source is a flexible sheet type, which was made by sewing LEDs into a towel and the average light intensity is 10 W/m 2 for an input current of 1 A. [31, 32] The LED light source shown in Fig. 12 emits neither harmful ultraviolet rays nor electromagnetic waves. Also, the LED light source has the merits of far longer life and lower energy consumption in comparison with a conventional fluorescent lamp. Therefore, conventional lamps used for medical treatments will be replaced by LED light sources in the near future.
Medical Applications 2-Suppression of Cancer
Recently, photodynamic therapy (PDT) has been attracting much attention as a new remedy for tumors. PDT is a chemical treatment using a laser beam and a photosensitive agent. [33] In 1997, the author succeeded in the destruction of leukemia cells in vitro using photosensitive porphyrin and a blue LED light instead of a red laser beam. [34] [35] [36] [37] In the course of this research, he noticed that the proliferation of leukemia cells was significantly The experiments on the sea from 2001 to 2006, proved that the LED fishing lamp had many advantages over the conventional metal-halide fishing lamps, such as 30 times less energy consumption, no emission of harmful ultraviolet light, long life, and low environmental impact. [43, 44] Because of significantly reduced petroleum consumption, LED fishing lamps will surely take the place of metalhalide fishing lamps in the near future.
Conclusion
In this paper, a variety of intelligent applications developed by the author were introduced. Applications of LEDs are not limited to illumination and display for human being. Today, various colors of LEDs including ultra-violet and infra-red LEDs are commercially available and the light energy emitted from each LED is very strong. Therefore, utilization of LED for non-conventional uses will greatly increase from now on in various fields of science, technology, industry, medicine, arts, etc.
